Food is frequently used as a 'yardstick' in operant experiments. However, previous work on silver foxes had suggested that how food is presented can affect how they respond to it, with excess food leading to variable consumption rates, and cages containing food being avoided over control cages except while eating. Our first experiment therefore examined foxes' consumption of excess food in more detail by comparing their daily intakes with foxes fed a control diet for 4 weeks. Eighteen silver fox vixens were assigned to one of two groups in which the experimental group (N = 9) was feed 2.5 times that of control (N = 9). Although appetite, measured as the amount of food consumed, tended to fluctuate none of the overly fed foxes stopped eating during the experimental period. On average, the excessive fed group consumed more food (317 AE 18 g/day) compared to the controls (273 AE 12 g/day).
Introduction
Using operant methods for measuring motivational strength is a common procedure for investigating animals' preferences for various types of resources (e.g. Dawkins, 1983; Matthews and Ladewig, 1994; Mason et al., 2001) , with food often being used as a high-value reference or 'yardstick' resource (e.g. Pedersen et al., 2002; Warburton and Mason, 2003) . To examine farmed foxes motivational strength our research group developed an operant apparatus where foxes could work (by pulling a loop) for access to various resources (Hovland, 2005) . Our main measure of motivation was the maximum price paid, which was the highest number of pulls foxes were willing to pay before giving up access for 24 h. Although this apparatus ultimately worked well (Hovland et al., 2006) , much pilot work was needed to refine the methodology. Our refinement and validation of the apparatus is described elsewhere (Hovland, 2005; Hovland et al., 2006) , but here we examine how the presentation of the useful yardstick 'food' could affect how it is used by foxes and perhaps even valued.
During the initial operant experiment that aimed to evaluate the maximum price paid as a measure of foxes' motivation our concerns were raised by two observations: The first was that when ad libitum food was used as a 'yardstick' resource the foxes' daily food intake decreased with succeeding time, possibly affecting the subjects' feeding motivation. Moreover, the results showed that some of the foxes ranked food the least important resource (Hovland, 2005) . This suggested that if food is offered ad libitum, foxes might have periods of gorging and of relative fast, a factor potentially adding great day-to-day variability to measures of motivation. In contrast, when we offered food in more limited quantities, the foxes' value of food was closer to our predictions and day-to-day food-use was also more consistent (Hovland et al., 2006) . If silver foxes are sensitive to the amount of food provided and this leads to periods where subjects stop eating for more than the 'cut off' period (e.g. 24 h) used to determine their maximum price, this may generate artefactually low measures of feeding motivation, rendering food less useful as a 'yardstick' in our operant set-up. For example, the blue or arctic fox (Alopex lagopus) can fast for up to 3 weeks (Nieminen et al., 2001) , although this kind of functional adaptation may be less evident in the red fox, with its different foraging niche and typical habitat. Yet, since several factors suggested that amount of food offered could affect the subjects' appetite, more information was needed on how silver foxes really do respond to excess food. Thus, our first aim was to test whether access to excessive amounts of food during an extended period of time affected the appetite of farmed silver foxes because of its implications for using food motivation as a yardstick in our operant apparatus for foxes.
The second observation to attract our notice was that the foxes spent significantly less total time inside the resource cage when food was present compared to when the resource cage was empty (Hovland, 2005; Hovland et al., 2006) . This was unexpected because it was not likely that the presence of a food tray, occupying roughly 3% of the total floor area, should negatively affect the subjects' opportunity to use the cage floor for resting or active behaviours. Apparently, food shaped how the cage was used, and surprisingly, it seemed as though the food was avoided except when it was being eaten. Consequently, our second aim was therefore to replicate this in a more controlled experiment to test if foxes actively avoided the food cage. If confirmed, this finding could affect silver foxes operant motivation to work for access to other resources (e.g. a social companion) when food is present ad libitum in the operant cage, due to an elevated motivation to leave the cage containing food. Also, the study could more generally reflect the feeding patterns of an animal that is naturalistically opportunistic (e.g. Kauhala et al., 1998) , which competes over food and frequently will cache surplus food (e.g. Macdonald, 1976 ).
2. Experiment 1: does the presence of excessive food affect appetite in silver foxes?
2.1. Materials and methods
Animals and housing
Eighteen barren 2-year-old silver fox vixens (female fox) from a commercial Norwegian line participated in the study. The vixens were randomly assigned to one of two groups, nine vixens in the experimental group and nine vixens that acted as controls. The average body weight of the two groups did not differ at the start of the experiment and ranged from 7.3 to 5.6 kg, with a mean of 6.47 AE S.E. 0.11. All vixens were singly housed in a standard wire mesh cage measuring 0.8 m Â 1.1 m Â 1.2 m in an uninsulated shed for farm foxes. Each vixen had access to a mesh resting shelf and continuous access to drinking water during the study.
Experimental procedure
A standard food paste for fur animals (Pelsdyrfôr Hamar AB) was used for the study. The average metabolizable energy content was 108 AE S.E. 1.92 kcal/100 g (www.norpels.no/viewdoc.asp?doc). Prior to the start of the experiment the control group were fed 350 g food once a day for 8 days (25/03-01/04) to establish the amount of food needed for maintenance. Concurrently, the experimental group was fed 1000 g for 8 days in order to establish the amount of food needed to ensure food leftovers. The mean consumption was 437 AE S.E. 39 g in the excessive fed group and 327 AE S.E. 8 g in the control group. During the experiment the controls were given 300 g of food once a day to avoid leftover food. For the experimental group 750 g food was provided once a day during the experiment. Leftover food was removed from the food tray in both groups prior to the provisioning of fresh food each day. The vixens were previously habituated to the presence of people by repeatedly hand feeding of titbits. The foxes were habituated to the feeding procedure for 8 days prior to the start of the experiment and they were fed to the same time each day and by persons familiar to them. The study was conducted at the University Fur Animal Research Farm (Centre for Farm Animal Research, SHF) from 02 April to 29 April 2004.
Data collected
Food leftovers were weighed each day and food consumption was calculated for each fox per day and group. The body weight of the vixens was recorded at the start and at the end of the experiment in order to test whether the feeding regimes affected weight gain. Metabolic body weight (body weight kg 0.75 ) was calculated as average of initial and final body weight.
Statistical analysis
The effect of time on food consumption was analysed using the mixed model consumption = treatment 1,2 + fox 1-18 + day 1-28 + body weight start + (treatment 1,2 Â day 1-28 ), defining fox as a random effect. A Satterthwait approximation was used for calculation of the denominator degrees of freedom (Littell et al., 1996) . The average amount of food consumed per day during the entire period was calculated for each subject and was analysed with the model mean consumption = treatment 1,2 + body weight start + (treatment 1,2 Â body weight start ). We tested whether the two feeding regimes affected body weight gain in the foxes by calculating the difference between the body weight at the start and the end of the experiment. This value (weight difference) was analysed with the model weight difference = treatment 1,2 + body weight start + (treatment 1,2 Â body weight start ). Standard t-tests were used to compare differences of means. All mean values are given with standard errors (S.E.). SAS 1 Enterprise GuideV2 was used for the statistical analyses.
Results
There was a significant effect of treatment (F 1,25.8 = 10.08, P = 0.004) and time Â treatment (F 1,483 = 7.73, P = 0.006) on the food consumption, i.e. the amount of food consumed decreased with time in the excessive fed foxes, but not in the controls (Fig. 1) . When excluding the nonsignificant interaction effect treatment Â body weight start from the model there was a tendency towards a higher average level of food consumption in the excessive fed foxes (317.5 AE 18.5 g/ day) compared to the controls (273.5 AE 11.9 g/day) for the whole experimental period (F 1,15 = 4.33, P = 0.055). This food intake corresponds to 368.8 AE 57.3 kJ/kg 0.75 day and 318.6 AE 33.9 kJ/kg 0.75 day, respectively. There was no significant difference in body weight between the groups at the end of the experiment (t-test: t 16 = 0.06, P = 0.952). In both groups the subjects had lost weight during the period, and there was no significant difference between the groups (t-test: t 16 = 0.33, P = 0.743). Thus, the average weight loss was 0.67 AE 0.10 kg and the mean body weight at the end of the experiment was 5.81 AE 0.09 kg. The heavier subjects tended to loose more weight than the lighter ones (F 1,14 = 9.75, P = 0.008) which was most pronounced in the excessive fed subjects (experimental group: F 1,7 = 9.63, P = 0.017, controls: F 1,7 = 2.99, P = 0.128).
Discussion, experiment 1
The results showed that although on average the excessive fed subjects tended to consume more food compared to the controls, the amount consumed decreased with succeeding time. Furthermore, there was more day-to-day variation in appetite in the ad libitum fed foxes, although none of these subjects stopped consuming food during the experimental period. Overall, the feeding regime affected appetite on a daily basis but had reduced effects on the long-term motivation to feed. Interestingly, the data showed that all subjects lost weight during the experimental period, independent of the feeding regime. The energy maintenance level for silver foxes is not yet established, however, in dogs daily energy maintenance level is 523 kJ ME/kg 0.75 (Burger, 1993) . During the experimental period the control group and the experimental group consumed ME 39% and 30% below this level, respectively, thus supporting the body weight reduction observed for all animals. Even though the experimental subjects tended to consume more food this did not increase their capacity to maintain their initial body mass. This may be due to a general cyclic variation in body weight found in mammals that are adapted to seasonal variation in food supply (e.g. seasonal changes in body weight of farmed mink, Korhonen and Niemelä, 1998) , a phenomenon also found in captive animals when fed ad libitum (e.g. Korhonen and Harri, 1986) . Also, heavier foxes lost more weight than lighter ones, a finding that was most pronounced in the excessive fed foxes. Alternatively, if the foxes perceived the experimental procedure as stressful (to little or too much food and close human presence) this could, in principle, negatively affect feed utilisation and lead to a general weight loss seen in both groups (cf. negative effects of stress on gut absorption and nutrient intake, Elsasser et al., 2000) . We judge this possibility to be rather unlikely because the experimental subjects did not show any obvious signs of stress during the experimental period. They were adult vixens that were previously habituated to the presence of people by repeatedly hand feeding of titbits. In addition, only familiar persons fed the foxes during the study and they were habituated to the feeding procedure for 8 days prior to the start of the experiment. Thus, the feeding procedure was highly predictable to the foxes and should therefore minimize the possibility for inducing fear and stress in the subjects.
Experiment 2: does the presence of food affect the foxes' use of a cage?
3.1. Materials and methods
Animals and housing
Five 2-year-old silver fox males of a domesticated line (Trut, 1999) were chosen as experimental subjects. During the study the subjects were housed continuously inside an operant apparatus for foxes (Fig. 2) (for a thorough description of the operant apparatus see Hovland, 2005; Hovland et al., 2006) . These males were previously used in several operant tests and were familiar with the test cages and the operant response. Inside the operant cage two operant pulling devices, a rubber coated metal chain shaped as a loop, were mounted on the opposite sides, each one governing the opening of a door leading to one of Fig. 2 . The operant apparatus. During Experiment 2 the fox could access resource cages 1 and 2, whereas access to additional cages (labelled the stimulus fox cages) was denied. Operandum = pulling device. two adjacent cages. Each time the subject pulled the loop once (FR1) the door opened and stayed open for 10 s for the fox to enter one of two identical resource cages. During the test the subjects had access to the operant cage and two adjoining resource cages (labelled resource cages 1 and 2, Fig. 2 ). The stimulus fox cages were not used during this study. The gates leading back to the operant cage were locked with an electrical lock, and to open the door the subjects were equipped with a collar (120 g) transmitting Infraredbeam codes. The subjects had access to a mesh resting shelf inside the operant cage. Water was available in drinking cups mounted inside the operant cage and was replenished three times a day. Five parallel apparatuses were used during the study and they were placed in parallel rows 2 m apart inside the same barn, such that the subjects could see and hear each other during the experiment.
Experimental procedure
To test whether the presence of excess food affected the subjects' use of the resource cage the following procedure was chosen. Each day at approximately 10:00 a.m. the subjects were fed a ration of 800 g standard feed paste for fur animals (Pelsdyrfor Hamar AB). The food was offered in a metal bowl (diameter 24 cm) tethered with wire to the cage floor inside one of the resource cages. The subjects had to pull the operant device once to access the food. The quantity of food given was approximately 60% above maintenance and this amount was given to assure that food was constantly available. Because the foxes could see and hear each other during testing we controlled for the effect of social facilitation (i.e. a tendency to copy the behaviour of others) by balancing the position of the food tray. In apparatus no. 1 the start position of the food bowl was in the left resource cage, in apparatus no. 2 the start position was to the right, in apparatus no. 3 the start position was in the left, etc. During the experiment the position of the food tray was switched five times from resource cage 1 to resource cage 2 (or vice versa) within each apparatus in a random order to avoid a possible effect of habituation as according to Table 1 . The switching of the food bowls was completed between 09:00 and 10:00 a.m. The bowls were loosened from the cage floor, taken out and positioned in the opposite resource cage by wiring it to the cage floor. Four of the foxes were tested for 18 days whereas one fox were taken out the 17th test day because of an empty collar battery. Prior to the start of the experiment the subjects were housed inside the apparatus for 4 days to habituate. The experiment was completed from 02 to 24 July 2004 at the University Fur Animal Research Farm (Centre for Farm Animal Research, SHF).
Data collected
The gates leading to the resource cage and back to the operant cage were mounted with micro switches for recording of time for entries and exits. When the subjects entered the gate the micro switches were activated and the exact time (hh-mm-ss) was logged to a computer file. Subsequently, the total time spent per day inside the resource cages was calculated for each subject and treatment (food present/food not present). Also, number of visits to the resource cages and the mean duration per visit were calculated for each subject and treatment.
Statistical analysis
For the statistical analysis the total time inside the cage and visit number per day and treatment was averaged for each animal. For each fox total time spent in each cage was assessed and 'food' and 'empty' Table 1 The switching (S) of the food bowl position between resource cages 1 and 2 during the experimental period cages were compared with paired t-tests. For a stricter test we tested whether time spent inside the cage with food were lower compared to the expected value (24 h/3 available cages = 8 h) using paired t-tests. The effect of treatment on number of visits and visit duration to the cages was also tested with a paired t-test. Mean values are given with standard errors (SE). SAS 1 Enterprise Guide V2 was used for the statistical analyses.
Results
Total time spent with food was significantly different from the amount of time spent inside the cage when empty (t 4 = 4.43, n = 5, P = 0.012, Fig. 3a) . Also, the total time spent inside the food cage was significantly different from the expected time (8 h) (t 4 = 3.19, n = 5, P = 0.033, Fig. 3a) . The mean duration of visits to the food was lower, although not significantly (t 4 = 2.29, n = 5, P = 0.084, Fig. 3b ). There was, however, no difference in visit frequency to the cages dependent on whether the food was present or not (t 4 = 0.59, P = 0.587), and the mean visit number was 40.1 AE 6.1 per 24 h.
Discussion, Experiment 2
The results confirmed (cf. Hovland et al., 2006) that domesticated silver fox males avoided staying for longer periods with food, and stayed nearly three times as long in the cage when it was empty than when it contained food. However, the visit frequency to the cage was not affected by the presence or absence of food. Since the food bowl only took up approximately 3% of the floor area it is not likely that it precluded preferred activities like e.g., lying down. Instead, the result seems to confirm that the presence of food makes that part of the apparatus aversive at times when food is not eaten. As mentioned in the introduction, in their natural habitat, foxes are known to dig holes to hide food (caches) when abundance is high (Macdonald, 1976; Sklepkovych and Montevecchi, 1996) . Cache behaviour is also recorded in captive-reared red foxes housed in earthen enclosures (Jeselnik and Brisbin, 1980) . The importance of this behaviour to captive animals is unknown, although in Fennec foxes (Fennecus zerda), some forms of post-feeding stereotypic pacing have been suggested to arise from thwarted caching motivations (Carlstead, 1991) . However, digging is frequently observed in farmed foxes (e.g. Korhonen et al., 2001) , both on the wire mesh floor and on ground substrates, although its motivational basis (e.g. exploration, food hiding, digging dens, escape) is as yet unknown. One possibility is therefore that uncached food is avoided except during eating, either because it elicits frustration (due to the impossibility Fig. 3 . (a) Experiment 2: total time spent inside the resource cage when food was present and absent, including the expected amount of time to be spent inside the cage on random (8 h). Different letters signify significant differences between the treatments (P < 0.05). (b) The mean visit duration to the resource cages when food was present and absent. of true caching) or because naturally, it would not be adaptive to stay near to exposed food due to the risk of intra-and inter-specific competition and aggression. Alternatively, it is not the food's uncached nature that is inherently important, but how its properties change when exposed all day. 'Leftovers' may thus have a poorer nutritional value, and therefore not highly valued or even become aversive.
General discussion and conclusions
Overall, these two experiments show that the presentation of ad libitum food to silver foxes can have some unexpected effects, increasing day-to-day variability in food consumption, and potentially even being aversive at times when the animal is not hungry. This could help explain why we obtained more consistent and explicable measured values of food preference when the food was offered in relatively small portions each day (Hovland et al., 2006) then when food was offered ad libitum (Hovland, 2005) . The implications for using food paste as a yardstick resource for silver foxes is that the ration should be held at maintenance, or just above, to compensate for the energy being used for operant work without risking that the subjects become satiated for very long periods, or that excess food even becomes aversive. Preferably, the appetite of the subjects should be monitored on an individual level to standardise the feeding motivation, i.e. in case of food leftovers the ration could be slightly reduced the following day. Another implication for the design of future motivation test is that aversion to stay with food in the operant chamber might trigger operant responding to get out of the cage, confounding this motivation with the motivation to get in to the test resource. An empty resource cage made concurrently available distant from food would control for this.
The findings from Experiment 2 are intriguing in terms of what they reveal about foxes, and need further investigation. Since our subjects originated from a domesticated line (Trut, 1999) and are not selected for food utilisation and growth to the same extent as the Norwegian commercial line it is interesting to investigate whether this apply to farmed silver foxes in general. If they do, it would also be interesting to examine some possible motivational bases for avoiding excess food, e.g. whether excess food affects digging frequency (cache motivation) or if properties of the food it self (fresh versus leftovers) affect avoidance.
